BACKGROUND/OBJECTIVES: Studies on the associations between coffee and green tea consumption and arterial stiffness are rare. This study evaluated the possible relationships between coffee and green tea consumption and brachial-ankle pulse wave velocity (ba-PWV) values in Japanese men. SUBJECTS/METHODS: In total, 540 eligible men who enrolled in the baseline survey of a cohort study in Tokushima Prefecture, Japan, and who underwent ba-PWV measurement were analyzed. Information about lifestyle characteristics including coffee and green tea intake were obtained from a structural self-administered questionnaire. Multiple linear regression analyses were used to evaluate the associations between coffee and green tea consumption and ba-PWV. RESULTS: Subjects with greater coffee consumption were younger and showed higher proportions of current smoking and alcohol consumption. Subjects with greater green tea consumption were older and showed lower proportions of current smoking and alcohol consumption. Greater coffee consumption was significantly inversely associated with ba-PWV after the adjustment for probable covariates, including serum low-density lipoprotein cholesterol and high-density lipoprotein cholesterol (P for trend ¼ 0.031). After additional adjustment for serum triglycerides, this inverse association persisted, but was somewhat attenuated (P for trend ¼ 0.050). In contrast, green tea consumption was not associated with ba-PWV. CONCLUSIONS: Coffee consumption was inversely associated with arterial stiffness independent of known atherosclerotic risk factors, and this association was partly mediated by reduced circulating triglycerides. Further prospective or interventional studies are needed to confirm the causal association.
INTRODUCTION
Cardiovascular events are major causes of death globally. Subjects with arterial atherosclerosis are at high risk for cardiovascular events. Atherosclerotic changes in the arteries mainly contribute to the pathogenesis of cardiovascular disease, and increased arterial stiffness is associated with atherosclerosis. 1 Arterial stiffness can be assessed by measuring pulse wave velocity (PWV). 2 Carotid-femoral PWV (cf-PWV) is an established index for assessing aortic stiffness; its values are well correlated with vascular damage. 3 However, measuring cf-PWV is complicated and time consuming. Meanwhile, brachial-ankle PWV (ba-PWV) measurement is convenient, reproducible and quick. Therefore, ba-PWV measurement has become popular for screening arterial atherosclerotic changes in Asian countries.
Patients with prevalent diabetes and metabolic syndrome are at high risk for cardiovascular damage. 4, 5 Habitual coffee drinking is recognized as a probable protective factor against type 2 diabetes development. 6 In a recent study conducted by us, inverse correlations were found between coffee consumption and the prevalence of metabolic syndrome and a few of its components in a Japanese population, 7 which were concordant with findings from other cross-sectional studies in Japan. 8, 9 It was also reported that Japanese adults who consume large amounts of green tea had a reduced risk of type 2 diabetes. 10 Recently, a prospective study reported that coffee and green tea consumption were inversely associated with the risk of stroke, but not the risk of coronary heart disease, in the general Japanese population.
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A recent meta-analysis showed no significant association between coffee consumption and coronary heart disease and suggested a lower risk of coronary heart disease by habitual moderate coffee drinking. 12 It was reported by a prospective cohort study that higher green tea consumption was associated with reduced mortality due to cardiovascular diseases; 13 however, no significant association between green tea consumption and cardiovascular risk factors was reported by a randomized controlled trial. 14 The associations between coffee or green tea consumption and the risk of cardiovascular diseases remain controversial. Moreover, little is known about the associations of coffee and green tea consumption with arterial stiffness. Therefore, this study evaluated the possible relationships between coffee and green tea consumption and arterial stiffness in Japanese men by using ba-PWV as a parameter.
from November 2009 to January 2012 and who underwent ba-PWV measurement at the baseline survey were included in this cross-sectional study. The subjects in this cross-sectional study were mainly office workers and not shift workers. This cohort study was performed as part of the Japan Multi-Institutional Collaborative Cohort Study, as described previously. 15 Briefly, the aim of the Japan Multi-Institutional Collaborative Cohort Study is to examine the associations of lifestyle and genetic factors and their interactions with lifestyle-related diseases. All participants in the Japan Multi-Institutional Collaborative Cohort Study were provided written informed consent. The ethics committees of Nagoya University School of Medicine (the affiliation of the former principal investigator (Nobuyuki Hamajima)), Aichi Cancer Center (the affiliation of the current principal investigator (Hideo Tanaka)) and the University of Tokushima Graduate School approved the study protocol.
Questionnaire
Information on individual lifestyle characteristics for the past year was obtained through a structural self-administered questionnaire, wherein the results were checked by trained staff. Leisure-time exercise was estimated by multiplying the frequency and duration of light exercise (for example, walking), moderate exercise (for example, jogging or swimming) and heavy exercise (for example, running a marathon or combative sports); these were summed and expressed as metabolic equivalent (MET) hours/ week. 16 In this estimation, 3.4 METs were assigned for light exercise, 7.0 METs for moderate exercise and 10.0 METs for heavy exercise.
A validated short food frequency questionnaire was used for dietary evaluations in the baseline survey of the Japan Multi-Institutional Collaborative Cohort Study. [17] [18] [19] [20] This food frequency questionnaire included questions that elicited dietary information for 47 varieties of foods and beverages (including green tea, coffee and alcohol) consumed in the past year. For the three staple foods (rice, bread and noodles), information concerning the intake frequency and amount consumed at breakfast, lunch and dinner was obtained. Regarding the consumption of alcoholic beverages including sake, beer, shochu (a Japanese distilled beverage), chuhai (mixed with shochu), whiskey and wine, the intake frequencies and amount consumed were determined and converted to ethanol intake (g/week). For the other 43 food and beverage varieties, only the intake frequency was determined. Daily energy intake (kcal/day) was calculated using a program developed at the Department of Public Health, Nagoya City University School of Medicine. 17, 18 Two items determined (1) filtered or instant coffee intake and (2) canned, bottled or packed coffee intake. The intake amount for each item included seven categories: rarely, p2 cups/week, 3-4 cups/week, 5-6 cups/week, 1-2 cups/day, 3-4 cups/day and X5 cups/day. In the analyses, these seven categories were signified by 0, 0.15, 0.5, 0.8, 1.5, 3.5 and 5 cups/day, respectively, and the total amount of coffee consumption was calculated by summing the amount of the two items. One item asked about the Japanese green tea (green tea, coarse tea and premium green tea, etc) consumption and included five categories: rarely, 1-3 cups/day, 4-6 cups/day, 7-9 cups/day and X10 cups/day. PWV measurement ba-PWV was measured using a waveform analyzer (model BP-203RPE III, Colin, Co Ltd, Komaki, Japan), as described previously. 21 Briefly, the subjects were examined while resting in the supine position in an airconditioned room. Extremity blood pressure was measured using an oscillometric method and the ankle-brachial pressure index was automatically calculated. The heart rate was recorded simultaneously. ba-PWV was calculated using time-phase analysis between the right brachial artery pressure and volume waveforms at both ankles. To reduce interobserver variation, all ba-PWV measurements were performed by one researcher throughout the study. Individual ba-PWV and ankle-brachial pressure index data are expressed as the mean of the bilateral ba-PWV and ankle-brachial pressure index, respectively.
Anthropometric and biochemical measurements
Body height was obtained from the questionnaire and body weight was measured to the nearest 0.1 kg at the survey. Body mass index was calculated as weight (in kg) divided by height (in m) squared. Venous blood was aspirated from each participant and serum was separated within 3 h. Serum lipid levels were measured at an external laboratory (BML Inc, Tokyo, Japan). Total cholesterol and triglycerides were determined by an enzyme assay. High-density lipoprotein cholesterol was determined by a direct method and low-density lipoprotein cholesterol was determined by an enzymatic method.
Statistical analyses
Among the 574 men initially included in this cross-sectional study, 19 men with a history of ischemic heart disease (n ¼ 13) or stroke (n ¼ 8) were excluded. Moreover, five subjects who had a low right or left ankle-brachial pressure index (p0.9), which suggested peripheral arterial occlusive disease, were excluded. After excluding an additional 10 subjects for whom the serum lipid level data were missing, 540 men were included for analysis.
The total amount of coffee consumption was reclassified into three categories (p1 cup/day, 41-3 cups/day and 43 cups/day) in the analyses so that the borders were integers and the numbers of subjects in any category were not extremely low. Green tea consumption was similarly reclassified into three categories (p1 cup/day, 41-3 cups/day and 43 cups/day). The lowest category of coffee or green tea consumption was used as the reference in the analyses.
Continuous variables are expressed as the mean ± s.d. or the median (25th and 75th percentiles). Categorical variables are expressed as the count and proportion (%). Analysis of variance, Kruskal-Wallis test or Fisher's exact test were used to compare the baseline characteristics between the three categories of coffee or green tea consumption. Multiple linear regression models were used to evaluate the associations between coffee or green tea consumption and ba-PWV values after adjusting for probable covariates. The adjusted covariates were as follows: (1) age (continuous), systolic blood pressure (continuous) and heart rate (continuous), which are recognized as very closely linked to arterial stiffness (model 1), (2) age; systolic blood pressure; heart rate; body mass index (kg/m 2 ; quartiles); smoking status (current, past, and never); alcohol drinking status (current, past, and never); leisure-time exercise (MET-hours/week; quartiles); daily energy intake (quartiles); medical treatment for hypertension (no/yes), hyperlipidemia (no/yes) and diabetes (no/yes); low-density lipoprotein cholesterol (continuous); and high-density lipoprotein cholesterol (continuous; model 2), and (3) the covariates in model 2 plus serum triglycerides (continuous; model 3). A previous study conducted by us demonstrated that coffee consumption was inversely correlated with metabolic syndrome, mainly because coffee consumption was associated with lower serum triglyceride levels. Therefore, the associations between coffee consumption and ba-PWV were evaluated using two models (models 2 and 3) with or without serum triglycerides in the covariates. Tests for trends were assessed by using ordinal categorical variables of 1, 2, and 3 for each category of consumption. Categorical variables were converted to dummy variables and inserted into the multiple regression models. The serum triglyceride level showed a skewed distribution and was included in analyses after logarithmic transformation.
All calculations and statistical tests were performed using SAS, version 8.2 (SAS Institute Inc, Cary, NC, USA). All statistical tests were based on twosided probabilities, and P values o0.05 were considered statistically significant.
RESULTS
Baseline characteristics of the subjects according to coffee and green tea consumption The mean±s.d. coffee and green tea intake amounts of the subjects were 2.3 ± 1.7 cups/day and 2.6 ± 3.2 cups/day, respectively. Tables 1 and 2 show the baseline characteristics of the subjects according to coffee and green tea consumption. The subjects with greater coffee consumption were younger and showed higher proportions of current smoking and alcohol drinking. Although not statistically significant, subjects with greater coffee consumption showed a slightly higher systolic and diastolic blood pressure, lower serum triglycerides, lower ba-PWV values and a lower proportion of diabetes treatment. In contrast, subjects with greater green tea consumption were older and showed a higher daily energy intake, lower proportions of current smoking and alcohol drinking and a lower heart rate.
Associations between coffee and green tea consumption and arterial stiffness Tables 3 and 4 show the associations between coffee and green tea consumption and ba-PWV by multiple linear regression Coffee consumption and arterial stiffness H Uemura et al analyses. Greater coffee consumption was significantly associated with reduced ba-PWVs after the adjustment for covariates such as age; heart rate; systolic blood pressure; body mass index; smoking status; alcohol drinking status; daily energy intake; leisure-time exercise; medical treatment for hypertension, hyperlipidemia, and diabetes; serum low-density lipoprotein cholesterol and serum high-density lipoprotein cholesterol (P for trend ¼ 0.031). Additional adjustment with serum triglycerides (model 3) somewhat attenuated the inverse associations between coffee consumption and ba-PWV (P for trend ¼ 0.050). In contrast, green tea consumption was not associated with ba-PWV in any model. Coffee and green tea consumption were inversely associated with each other (Spearman's correlation coefficient ¼ À 0.11, P ¼ 0.011). Therefore, their associations with ba-PWV values were evaluated by inserting coffee and green tea consumption simultaneously into the same multivariate-adjusted models (models 2 and 3). The results were not substantially altered.
DISCUSSION
The current study showed that greater coffee consumption was significantly associated with decreased ba-PWV after the adjustment with well-known atherosclerotic risk factors in Japanese men. This inverse association between coffee intake and arterial stiffness may be partly mediated by reduced circulating triglycerides.
Coffee is consumed worldwide. Because coffee contains caffeine, a well-known stimulant, coffee drinking has generally not been regarded as part of a healthy lifestyle in the past. However, coffee is rich in antioxidants such as chlorogenic acid and other bioactive compounds, 22 and numerous studies examining the various biologic effects of coffee have been conducted in animals and humans. Many epidemiologic studies have demonstrated inverse associations between coffee intake and diabetes. 6 However, the associations between coffee consumption and cardiovascular disease, which is one of the leading causes of mortality in developed countries, remain controversial. cf-PWV is an established marker of aortic stiffness. Although ba-PWV, which can be measured more conveniently than cf-PWV, reflects the arterial stiffness of both the large and mid-sized arteries, 21, 23 it is well correlated with cf-PWV as well as aortic PWV assessed using a direct catheter method. 23 Coffee is a major source of dietary antioxidants; therefore, it was assumed that coffee may have had a potential beneficial impact on the cardiovascular health. However, there are only a few reports on the associations between coffee consumption and arterial stiffness, and they often present inconsistent results. [24] [25] [26] Vlachopoulos et al. 24 reported that long-term coffee consumption exerted a detrimental effect on aortic stiffness and wave reflections. In a later study, Vlachopoulos et al. 25 reported that coffee consumption was not associated with aortic stiffness in patients with never-treated hypertension. Ochiai et al. 26 reported that green coffee bean extract ingestion did not affect PWV values in healthy male individuals. Recently, inverse associations between coffee consumption and the prevalence of metabolic syndrome and elevated serum triglycerides (X150 mg/dl) in another Japanese population including both sexes were reported by us. 7 Matsuura et al. 9 reported that habitual coffee consumption (X4 cups/day) was associated with a significantly lower prevalence of metabolic syndrome and lower serum triglycerides in Japanese men. Nakanishi et al. 27 also reported an inverse relationship between coffee drinking and serum triglyceride level in Japanese male office workers. Elevated serum triglycerides as well as prevalent metabolic syndrome have been determined as risk factors for cardiovascular diseases and increased arterial stiffness. Therefore, it was hypothesized that coffee consumption might have an inverse association with arterial stiffness, partly through reducing serum triglycerides. It was found that ba-PWV values in those who consumed large amounts of coffee (43 cups/ day) were significantly lower (P ¼ 0.032) than in those who consumed small amounts of coffee (p1 cups/day) after the adjustment for age; systolic blood pressure; heart rate; body mass index; smoking status; alcohol drinking status; daily energy intake; leisure-time exercise; medical treatment for hypertension, hyperlipidemia, and diabetes; low-density lipoprotein cholesterol; and high-density lipoprotein cholesterol in Japanese male workers. This finding was non-significant (P ¼ 0.051) when additionally adjusted for serum triglycerides. Therefore, the present hypothesis might be plausible.
Coffee contains polyphenols including chlorogenic acids 22 that have an antioxidant property, and plasma antioxidants increase after coffee intake. 28 Epidemiologic studies have reported that coffee consumption was associated with reduced biomarkers of oxidative stress. 29 The antioxidant capacity of coffee may contribute to reduced arterial stiffness in habitual coffee drinkers. Polyphenols also have an anti-inflammatory property. Recently, Abbreviations: ba-PWV, brachial-ankle pulse wave velocity; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Model 1, adjusted for age, systolic blood pressure and heart rate. Model 2, adjusted for age, systolic blood pressure, heart rate, body mass index, smoking status, alcohol drinking status, daily energy intake, leisure-time exercise, medical treatment for hypertension, hyperlipidemia, and diabetes, LDL cholesterol and HDL cholesterol. Model 3, adjusted for triglycerides in addition to the same covariates in model 2.
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Yamashita et al. 30 reported that coffee consumption showed significant positive associations with circulating adiponectin and significant inverse associations with circulating leptin, highsensitivity C-reactive protein and triglycerides. Elevated circulating adiponectin as well as decreased high-sensitivity C-reactive protein are beneficial conditions for preventing vascular damage. Although data on circulating adiponectin and high-sensitivity C-reactive protein were not obtained in the current study, the inverse associations between coffee consumption and ba-PWV might be mediated by raised insulin sensitivity and suppressed inflammation. Because subjects who have chronic diseases might quit drinking coffee, reverse causality is another possible explanation. Although participants with a history of cardiovascular disease were excluded, coffee nonconsumers may still be at higher risk of other diseases. When coffee nonconsumers (n ¼ 29) were excluded from the reference group, the results were not substantially altered. Coffee drinking is not a common target of lifestyle intervention for individuals at high risk of cardiometabolic disorders in Japan. Moreover, information on individual lifestyle characteristics through a questionnaire was obtained immediately before ba-PWV measurement, and ba-PWV was measured for the first time in most subjects, thus making it unlikely that coffee consumption was affected by ba-PWV values.
Tea is also consumed worldwide, and green tea is principally consumed in Asian countries, including Japan. Green tea, which contains high levels of polyphenolic flavonoids (mainly antioxidant and anti-inflammatory catechins), 31 has been highlighted for its potential ability to confer cardioprotection. Some epidemiological studies indicated inverse associations between habitual consumption of green tea and mortality due to cardiovascular diseases or coronary artery disease in Asian populations, 13 ,32 whereas such inverse associations have not been investigated in other studies of Asian populations. 14, 33 The present study did not demonstrate any association between green tea consumption and arterial stiffness in Japanese men. Although studies examining the associations between green tea consumption and arterial stiffness are rare, the findings from the present study coincide with that from a previous report that green tea consumption did not influence inflammation and arterial stiffness in patients with type 2 diabetes. 34 The present study has several limitations. First, because of the observational and cross-sectional nature of the study design, causal relationships between coffee consumption and reduced arterial stiffness should be interpreted with caution. Second, information on coffee and green tea consumption was selfreported and based on a short food frequency questionnaire; therefore, nondifferential misclassification may have been inevitable. However, this misclassification might attenuate the true associations. Moreover, the validity of this food frequency questionnaire was assessed by comparing it with a 3-day diet record in 29 participants. The coffee and green tea intake amounts obtained from this questionnaire correlated well with those obtained from the diet record (the Spearman's rank order correlation coefficients were 0.51 for coffee and 0.55 for green tea). Third, information on coffee additives such as sugar and cream and the method of preparation (espresso, percolated or filtered) was not obtained; therefore influences of these factors could not be evaluated. Information on whether the coffee consumed was caffeinated or decaffeinated was not obtained, although decaffeinated coffee is not common in Japan. Finally, because all the present subjects were Japanese men, these results may not be applicable to women and other ethnic populations.
In conclusion, the present study demonstrates that greater coffee consumption is associated with reduced arterial stiffness, independent of known atherosclerotic risk factors, in adult Japanese men. This inverse association between coffee consumption and arterial stiffness may be partly mediated by reduced circulating triglycerides. Further large prospective or interventional studies including women are therefore needed. Abbreviations: ba-PWV, brachial-ankle pulse wave velocity; CI, confidence interval; HDL, high-density lipoprotein; LDL, low-density lipoprotein. Model 1, adjusted for age, systolic blood pressure and heart rate. Model 2, adjusted for age, systolic blood pressure, heart rate, body mass index, smoking status, alcohol drinking status, daily energy intake, leisure-time exercise, medical treatment for hypertension, hyperlipidemia, and diabetes, LDL cholesterol and HDL cholesterol. Model 3, adjusted for triglycerides in addition to the same covariates in model 2.
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